CUnical data, coronary &nographic findings and results of surgery are analyzed in six patients with Pfhzmetars variant angina who underwent saphenous vein aorta to coronary bypass. Eighteen additional cases from the literature are also surveyed. Postoperatively, only 38 percent (9 of 24) of the entire surgically m e d group were free of pain with no evidence of myocardial infarction. There was lack of symptomatic improvement in 29 perhe syndrome of variant angina pectoris, as deTscribed by Prinzmetal and associates,' consists of chest pain at rest with concomitant electrocardiographic ST segment elevation. Selective coronary arteriography has allowed precise definition of the coronary anatomy in patients with this clinical syndrome, and thus, it was hoped that coronary arterial bypass surgery might be an effective approach to the management of some patients with this form of angina pectoris. However, the role of saphenous vein aortocoronary ( SVAC ) bypass in the management of patients with variant angina is controversial.
from the literature are also s u r~e y e d . *~.~-~ All 24 patients included in this review met the criteria of "recurrent attacks of pain and ST segment elevation at rest." Postoperatively, only 38 percent of the entire surgically treated group was pain free without myocardial infarction. This is in contrast to the more favorable results obtained with SVAC bypass surgery in coronary artery disease with classic ( typical) angina pectoris.lG12 Thus, on the basis of experience to date, the place of SVAC bypass surgery alone in the management of patients with variant angina as a group is undefined. Selection of patients with variant angina for bypass surgery will remain difficult until the mechanisms responsible for this syndrome are more precisely identified, the natural history is better understood, and a greater experience with various forms of therapy available.
This 56-year-old white man was in good health until two weeks prior to admission to the hospital (November 1972) with the chief complaint of severe crushing chest pain radiating to the left arm. His resting electrocardiogram was normal, but during pain ST elevation developed in the inferior leads. The pain occurred at rest and was not related to exertion. On physical examination blood pressure was 130/80 mm Hg. The pulse was regular at 80 per minute. Heart size was normal. A grade 2/6 ejection systolic murmur was heard at the base, and an S4 apical gallop was present. Electrocardiogram at rest and during treadmill exercise was normal. Coronary angiograrn revealed a normal left coronary ' The following abbreviations will be used throughout this manuscript: LCA=left coronary artery, RCA=right coronary artery, LAD=left anterior descending CMFX=circurnflex, LMCA=left main coronary artery, and SVACB=saphenous vein aorta to coronary bypass. artery ( LCA) and a high grade lesion of a dominant right coronary artery ( RCA ) in its proximal third ( 90 percent ) . A saphenous vein bypass to the posterior descending branch of the right coronary artery was performed. The postoperative course was uneventful, and the patient has been asymptomatic since surgery.
Five years prior to admission, following a period of emotional stress, this 61-year-old man experienced the onset of episodic substernal chest discomfort. The pain occurred repeatedly at 5 A.M. as well as during the day, both at rest and during activity. These attacks of pain reached a peak frequency of eight episodes per 24-hour period and then gradually regressed until he was pain free at the end of one month. Hospitalization (March 1972) was prompted by two attacks of substernal chest pain. Electrocardiograms were normal at rest, but showed marked ST segment elevation (Fig 1) in leads 2, 3 and aVF during pain. Paroxysms of supraventricular tachycardia alternated with slow junctional rhythms and ventricular bigeminy during pain.
The blood pressure was 140/80 mm Hg. The heart was not enlarged. The cardiac apical impulse was normal. Heart sounds were of good quality and there were no murmurs or gallop rhythm. Treadmill exercise test was negative, and chest film was within normal limits.
Left ventricular cineangiography demonstrated normal cavity size and synergistic contraction. The LCA was entirely normal. There was transient spasm of the proximal RCA adjacent to the catheter tip and the remainder of the vessel was normal. There was no pain and no ECG change during the study.
Because of the disabling nature of the pain and the associated arrhythmias, saphenous vein-aorta to RCA bypass was performed. The operative procedure was uncomplicated, but the postoperative course was complicated by repeated attacks of chest pain associated with atrial fibrillation. The patient was digitalized to control the atrial arrhythmia, and nitroglycerin was utilized for pain. During the first postoperative week, the atrial fibrillation reverted to normal sinus rhythm, and the attacks of pain decreased. He was discharged three weeks following operation, and in the year following surgery has complained of infrequent chest pain (average once per month) similar in nature to that described prior to surgery. Nitroglycerin continues to relieve the pain.
This 43-year-old white man was first seen in March 1970 because of intermittent substernal pain of six months' duration. The pain had progressively increased in frequency and severity, usually precipitated by emotional upset or stress, but not by exertion. He was experiencing from three to five attacks daily, and awakening at night with pain two or three times a week. Sublingual nitroglycerin produced complete and consistent relief within two minutes. He was referred to this center following a period of observation in a coronary care unit, where he had developed marked ST segment elevation in a monitor lead during an attack of pain (Fig   2 
1.
The pulse was 76 and regular; blood pressure 140/80 mm Hg. The chest was clear and the heart was not enlarged. There was an S4 gallop at the apex but no murmurs were heard. Cardiac fluoroscopy and chest films showed no abnormality. The resting electrocardiogram was within normal limits; lead 2 taken during pain showed ST elevation.
He underwent left and right heart catheterization with selective coronary arteriography and left ventricular cineangiography. Resting hemodynamics and ventriculography were normal. Selective arteriography demonstrated stenosis of the RCA in its midportion near the origin of the acute marginal branch, with good filling of the vessel distally. The LCA was normal. A saphenous vein bypass procedure was camed out March 31, 1970. The postoperative course was complicated by the development of phlebitis in his right leg. Four days postoperatively he developed ST segment elevations in leads 2, 3, and aVF, consistent with inferior injury, and the next day Q waves developed in these leads. Senun enzyme changes were nondiagnostic, but subsequent electrocardiograms showed changes diagnostic of evolving inferior infarction. On May 1, 1970, selective coronary arteriography showed occlusion of the saphenous vein bypass graft, and the stenotic (80 percent) lesion of the RCA was unchanged as compared with the preoperative status (Fig 2) . The patient has remained active and free of chest pain since.
A 62-year-old Spanish-American man was admitted to the hospital (March 1972) for evaluation of burning substernal and epigastric discomfort. He had been active and in good health until five months prior to admission, when he gradually developed episodic pain, most frequently at rest, occasionally during mild activity, and rarely at night. The frequency of attacks varied from once per week to several times a day. On physical examination, the blood pressure was 145/85 mm Hg, the heart was not enlarged and there were no gallops or murmurs. The chest was clear, and abdominal examination unremarkable. Chest film was within normal limits, and the electrocardiogram was interpreted as showing left axis deviation ( -30" ) . Gastrointestinal evaluation and exercise tests revealed no abnormality.
On the second hospital day a resting ECG revealed ST segment elevation in leads 2, 3, and aVF. Continued monitoring revealed repeated episodes of ST elevation associated with substernal pain. Administration of sublingual nitroglycerin resulted in prompt relief of pain and reversal of the ECG chances. " Selective coronary angiography revealed high grade obstructive lesions in the proximal RCA and in the LAD artery ( Fig 3 ) . Resting hernodynamics and ventriculography were normal. The patient underwent saphenous vein aorta to coronary artery bypass surgery to both the distal RCA and LAD artery. The surgical procedure was uneventful, but in the immediate postoperative period evolutionary ECG changes diagnostic of both anterior and inferior myocardial infarction took place. The patient was pain free after surgery, but had disabling dyspnea and fatigue. Repeat coronary angiography (July 1972) revealed complete occlusion of both the right and left anterior descending arteries at the sites of the previous lesions. Neither graft was patent, and left ventricular function was grossly depressed. The patient died in October 1973. Postmortem examination revealed extensive three vessel coronary artery disease. Obliterative fibrotic changes were present in both vein grafts, and there was old infarction of the interventricular septum and apex.
This 45-year-old white woman was admitted to the hospital in November 1971 with the chief complaint of chest and back pain of 11 months' duration, not related to exertion, and occurring primarily at night. She had normal menses and the remainder of the past medical history was negative. An -FIGURE 4. Left coronary arteriograms from patient no. 6 (right anterior oblique projection). In the panel on the upper left, the LCA appears normal. During pain (upper right), there is evidence for segmental spasm in both the CMFX and the LAD arteries. Nitroglycerin was administered and a second injection, one minute later, revealed total obliteration of the distal CMFX vessel.
Within three minutes the attack had subsided and a third injection revealed a widely patent vessel which appeared normal. A saphenous vein aortocoronary bypass was performed to the distal RCA. Her postoperative course was uneventful, and the patient has remained asymptomatic since surgery.
This 55-year-old white man was admitted to the hospital in December 1971 for evaluation of coronary heart disease, with a history of short-lasting precordial pain, not related to exertion, every one to two months. Selective coronary angiography had been performed in Mexico, and reportedly showed proximal disease of the RCA. On physical examination, the blood pressure was 180/103 mm Hg. The pulse was regular at 70 per minute. The heart was normal in size and no gallop sounds were heard. There was a grade 2/6 short systolic ejection murmur to the left of the sternum. Cardiac catheterization was repeated, and this time the coronary arteriograms were normal except for a 30 percent lesion of the LAD coronary artery. Resting electrocardiogram was within normal limits. Four minutes after exercise there was a 1 mm ST depression in lead V1.
Because of nonvisualizing gallbladder on cholecystogram, and atypical chest pain, cholecystectomy was performed. Postoperatively he developed severe recurrent chest pain. On December 27, during an episode of pain, the electrocardiogram revealed difTuse (2, 3, aVF, V2-Vn) elevations of the ST segment. A subsequent tracing after pain subsided showed only minor changes. On January 1, 1972, during pain he developed ventricular fibrillation which was successfully converted to sinus rhythm with electrical shock. On January 4, 1972, he was catheterized for the third time, and despite sublingual nitroglycerin, cyclic pain continued and he &vel-oped successive obliterations of several major branches of a dominant LCA (Fig 4 ) .
Because his condition was clearly deteriorating in spite of medical therapy, an attempt was made to bypass the LAD artery and the CMFX artery. Shortly after surgery the patient developed refractory ventricular fibrillation and died. Postmortem examination of the heart showed normal coronary arteries and scattered foci of fibrosis.
A summary of the clinical and angiographic findings, and the results of surgery are tabulated for the six patients in the present series and for the 18 patients previously reported in the literature (Table  1) . The results of surgical management are shown graphically in Figure 5 . The procedure was termed "successful" if the patient became asymptomatic, and there was no associated myocardial infarction or known graft occlusion. Only four of the nine successfully treated cases had postoperative coronary angiography with patent grafts. The status of the grafts in the remaining five patients is unknown. A "qualified success" was defined as a pain-free patient, but either a myocardial infarction or graft Only 37.5 percent of the group were successfully treated; 20.8 percent were symptomatically improved but an infarction and/or graft occlusion had been documented; 29.1 failed to improve, and mortality was 12.5 percent. These results are in contrast to those generally reported in the treatment of chronic ( typical ) angina pectoris. [10] [11] [12] occlusion had been documented. The other two classifications were "lack of improvement," meaning continued pain irrespective of graft patency, and "mortality" ( 30 days ) .
Singb Vessel Disease (RCA):
Of the three patients in the present series with RCA disease, two were an unqualified surgical success. The third (No.
3 ) developed inferior myocardial infarction postoperatively, had an occluded graft, and is pain free. Silverman and Flamm2 reported one patient with single RCA disease who evolved an inferior myocardial infarction postoperatively and died. The patient reported by Dhurandhar and associates9 died two weeks postoperation. Three of the nine surgical cases reported by MacAlpin and co-workers5 had single RCA disease: patient 2 was treated with a "roofing over" procedure and had an infarction postoperatively; patient 4 had recurrent pain and the graft was occluded; patient 9 was free of symptoms. Thus, seven of eight patients with single RCA disease were treated with SVAC bypass. Three of the seven were successful, two had postoperative infarctions, and two died. The patient treated by a roofing over procedure had an infarction, and the RCA was shown to be occluded at one year.
Single Vessel Disease (LCA): Silverman and Flarnm2 reported one patient (addendum) with a 90 percent LAD lesion who was treated successfully. Buonanno and associates7 reported two cases with single lesions of the left coronary system. In one, the graft was found to be occluded and the other has been pain free. The case reported by Cosby and coworkerse with narrowing of the LAD was treated by a Vineberg procedure, had an anterior myocardial infarction, and was reported to be pain free at four years. Three of the cases reported by MacAlpin and associates5 had single vessel (LCA) disease. One with a 90 percent main left lesion was treated suc- cessfully by endarterectomy, and another treated by analysis difficult. Four of the eight patients in this internal mammary implant had no improvement. A group had coronary artery bypass, and two are conthird patient with an 80 percent lesion of the LAD sidered successful while the other two had occluded had recurrent pain and an occluded graft. The varigrafts. ous surgical procedures utilized in this group make Multiple Vessel Znwlvement: One patient (No.
4) in the present series had myocardial infarction postoperatively and both grafts were occluded. Linhart and associates3 reported a patient with multiple vessel disease who was treated successfully by SVAC bypass. Bolooki and associates4 successfully treated two patients. Four of the patients reported by MacAlpin and co-workers5 had multiple vessel disease and none of these was felt to be improved by bypass surgery. One of these had been treated by internal mammary implant three years previously. Thus, two of the eight patients in the group with multiple vessel involvement can be considered as successful results. Coronuy Artery Spasnt: Four patients in the entire group of 24 were felt to have coronary artery spasm as a factor responsible for or contributing to the clinical syndrome. None of these patients was successfully treated by coronary bypass surgery.
Less than half of the patients (excluding those with spasm) who underwent SVAC bypass surgery can be considered successful, and importantly there were no real differences in the operative outcome in relation to the coronary anatomy. That is, patients with isolated right coronary artery disease were no more or less likely to have a successful result than patients with isolated left coronary disease or multiple vessel disease. These results are in contrast to the results obtained in the surgical management of patients with coronary artery disease and typical angina pectoris. Morris and co-workers1° reported complete or significant relief of angina in 92 percent of 480 patients following coronary artery bypass. Fifty-six percent were completely free of symptoms. Operative (30 days) mortality was related to the number of arteries involved, and ranged from 2.5 percent for single vessel disease to 14.1 percent for multiple vessel involvement. In 1105 patients reported by Hall and associates," chest pain was significantly decreased in 94 percent, and completely relieved in 62 percent. Mortality was 6.6 percent. Of 1000 patients reported by Sheldon and associates,12 71 percent were free of symptoms following surgery. Mortality was 4 percent. In these reports the incidence of postoperative infarction ranged from 7 percent to 14 percent, while graft patency was demonstrated in 80 percent.
Despite the fact that the number of patients with surgically treated variant angina is small, the postoperative results are clearly inferior to those produced in patients with classic angina. The reason for this difference is not entirely clear. However, in classic angina, hemodynamic changes causing increased myocardial oxygen demand frequently occur prior to the onset of pain, whereas in variant -angina these changes have not been o b s e r~e d . '~.~~ This suggests that variant angina may be associated with a reduction in coronary blood supply in contrast to the increased oxygen demands implicated in classic angina. If reduced supply in variant angina is related to coronary artery ~p a s m ,~. '~ coronary artery bypass alone would seem to be an inadequate therapeutic measure. Possibly denervation or adventitial stripping in addition to bypass would be a more satisfactory approach in selected cases with coronary artery spasm. Attempts to reproduce spasm during coronary arteriography may be important in the evaluation of these patient^.'^.'^ In general, the surgical results will depend on the underlying pathophysiology and the quality of surgery. The clinical syndrome of variant angina may be associated with a wide spectrum of coronary anatomy, from normal coronary arteries to typical occlusive disease, with coronary spasm demonstrable in patients of both types. There were no diflerences in the operative outcome in relation to coronary anatomy (excluding the cases of coronary artery spasm), and in our six cases the surgical techniques were the same as those used in coronary artery disease with classic angina.lO.ll The natural history of variant angina is not well known, and the risks and results of medical or surgical management are still not clearly defined. Nevertheless, results of SVACB surgery are not as gratifying as anticipated with classic angina. In patients with demonstrable coronary artery spasm, bypass surgery has been uniformly unsuccessful.
Since this manuscript was prepared, an additional case of variant angina treated with SVACB has been reported by Hart and associates (Am J Med 56:289, 1974). The patient had a congenitally absent right coronary artery with angiographically documented spasm in the mid portion of a dominant circumflex vessel. SVACB grafting to the distal circumflex artery was performed, but pain and ECG changes recurred and recatheterization revealed complete occlusion of the distal circumflex artery at the insertion of the implanted saphenous vein.
Additionally, two of three patients reported by Bodenheimer and associates (Am Heart J 87:304, 1974 ) had poor surgical results. 
